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STUDIES OF THORIUM X APPLIED TO HUMAN SKIN
II. COMPARATIVE FINDINGS OF THE PENETRATION AND LOCALIZATION
OF THORIUM X WHEN APPLTED IN ALCOHOLIC SOLUTION, IN
OINTMENT AND IN LACQUER VEHICLES*
VICTOR H. WITTEN, M.D., MILTON S. ROSS, M.D., ELEANOR OSHRY, B.S., AND
VERA ROLMSTROM, B.A.
It is common knowledge that distinct clinical erythema and pigmentation
almost always follow the topical application of thorium X to the skin of man.
There is, however, no agreement as to the mechanism by which this radioactive
material produces these biologic effects. While it is known that the alpha rays
from thorium X do not penetrate more than 100 microns in tissue, Lomholt
(1) demonstrated histopathologic changes as deep as 500 to 600 microns below
the surface of human skin treated with this agent. In order to account for the
skin changes which occur beyond the penetrating capacity of the ionizing alpha
particle itself into tissue, he suggested that the gaseous emanation from the
thorium X, thoron, penetrated the tissue and was responsible. Sulzberger (2),
on the basis of theoretical considerations, suggested that the solution or vehicle
containing the thorium X might penetrate certain of the skin structures and
carry with it the dissolved or suspended radioactive substances. It was our inten-
tion to investigate the routes of penetration and sites of deposition of thorium
X applied to human skin in each of the vehicles which are commonly employed
therapeutically for various dermatoses, skin cancers and pre-cancers. The ve-
hicles in which thorium X is incorporated and which arc at present commer-
cially available' in the United States are: 1) alcohol, 2) ointment, and 3) lacquer.
Modern technics of alpha track autoradiography made it possible to take ad-
vantage of the natural radioactive properties of thorium X in our attempt to
study its penetration and deposition. In a previous publication (3) we demon-
strated for the first time that when thorium X in alcoholic solution is applied
to grossly intact human skin, it: 1) penetrates the epidermis and is distributed
through the prickle and basal cell layers; 2) enters the hair follicle and penetrates
the follicular wall; 3) enters the sweat duct and is found within the sweat gland.
The presence of four pronged stars in the autoradiograms was proof that, con-
trary to Lomholt's speculation, at least some of the parent thorium X atoms
* From the Department of Dermatology and Syphilology of tl,e New York University
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penetrate to the same structures of the skin as do the thoron and other radio-
active daughter atoms.
Our investigations have since been extended to thorium X in an ointment
base and in a lacquer vehicle. In the light of previous reports (4) concerning
the penetration of various ointments into human skin it might have been as-
sumed that the ointment containing the thorium X would penetrate to some
degree but that the lacquer would not; and that therefore there would be no
penetration of the thorium X from the lacquer vehicle. We thought that this
radioactive "plaque" (thorium X in lacquer) might possibly serve as a means
of applying thorium X to the surface of the skin, without penetration, thus
affording an opportunity to observe whether penetration of the thorium X was
necessary to produce erythema.
The present study was therefore directed toward answering the following
questions:
1. Does thorium X in an ointment base or lacquer vehicle applied to human
skin penetrate the epidermis, hair follicles, sweat ducts and s\veat glands as it
does in alcoholic solution?
2. Is penetration of the thorium X into human skin necessary in order to
produce a clinical biologic effect as evidenced by visible erythema?
PROCEDURE
Human skin for this study was obtained by utilizing that portion of grossly normal skin
adjacent to lesions which were to be biopsied by elliptical excision. This general area of skin
was prepared by cleansing with 70% alcohol and then a small, roughly triangular area
(about 5 mm2) was walled off witb rubber cement. Tborium X in alcoholic solution was pi-
petted to this area and allowed to dry or was applied with a cotton tipped applicator and
rubbed; or thorium X in ointment base2 was applied and rubbed with a small glass rod; or
an amount of thorium X in lacquer' vehicle sufficient to cover an area roughly 5 mm2 was
applied with a glass rod and rubbed gently. The areas to which the thorium X in alcohol or
lacquer had been applied were covered liberally with flexible collodion. The areas to which
thorium X in ointment had been applied were sealed with Pliofilm and then covered with a
strip of adhesive tape. In addition, all prepared sites were covered with a protective dry
dressing during the 1 to 7 days that the materials were left in place. At the time that the
collodion or adhesive tape was stripped off, it took with it the rubber cement and most of
the lacquer, leaving an area ready for excision without additional cleansing.
The method of performing the biopsy together with the technies for sectioning the tissue
and preparing autoradiograms have been described in a previous paper (3). The most re-
cent specimens include sections stained with lithium carmine and pierie acid by a newly
developed method which provides greater ease of preparation and better results. Details
of this procedure will be published.
RESULTS
Autoradiograms \vere prepared from serial sections of 68 pieces of tissue taken
from 61 different patients. Table I summarizes the findings on the presence and
localization of the alpha tracks from thorium X or its disintegration products
2 Hydrosorb (Abbott Pharmaceutical Co.)
3 The lacquer vehicle consists of nitrocellulose. amyl acetate, castor oil, acetone and
n-propyl alcohol.
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found in human skin prepared with thorium X in alcohol, ointment or lacquer.
While tracks were noted in a few sebaceous glands, these findings are not tabu-
lated. Every prepared specimen of tissue which we were able to biopsy is in-
cluded in Table I with the following exceptions:
1) Four specimens of tissue in which no tracks were found in the autoradio-
grams .
2) One specimen which could not be studied microscopically because of emul-
sion fogging.
TABLE I
Penetration and tocatization of thorium X applied to human shin in selected vehicles
EPIDERMIS HAIR FOLLICLES SWEAT DUCTS SWEAT GLANDS
VEHICLE NO. OPSPECIMENS Structure Tracks
preseDt* preSeDt
Structure Tracks
present* present
Structure Trucks
present' present
Structure
present'
Tracks
present
Alcohol 28 28 24 26 21 26 10 21 7
Ointment... 24 23 21 21 20 24 12 22 7
Unmixed.. (18) (18) (16) (15) (14) (18) (6) (16) (1)
Mixedt.... (6) (5) (5) (6) (6) (6) (6) (6) (6)
Lacquer 11 11 10 7 7 11 2 9 1
Unmixed.. (7) (7) (6) (3) (3) (7) (1) (7) (0)
Mixedt.. . . (4) (4) (4) (4) (4) (4) (1) (2) (1)
Total.. . .63 62 55 54 48 61 24 52 15
* Structure present—number of biopsy specimens which contained the particular
structure.
t Beth the ointment and the lacquer containing thorium X were originally applied
unmixed, and (for reasons discussed in the text) in later cases were well mixed before
application.
No attempt is made in Table I to give the relative number of alpha tracks
present in any of the structures. "Penetration" of thorium X or its daughters
into a structure was judged by the demonstration of alpha tracks in the auto-
radiograms of that structure.
Figures 1 through 3 are representative photomicrographs of tissue section
autoradiograms prepared from skin specimens treated in vivo by the topical
application of thorium X in the various vehicles. In photographing the slides,
the critical focus is on the alpha tracks in the emulsion beneath the tissue. This
accounts, in part, for the lack of cellular detail in the sections. Figures la, lb and
le show that there is penetration of the epidermis by the thorium X in the oint-
ment and lacquer as well as in the alcohol, and that there is very little in the
cutis. We are unable to state whether the presence of tracks in the cutis is due
to in vivo penetration or in vitro displacement.
Complete absence of tracks indicates complete absence of thorium X. Therefore it is
reasonable to conclude that the wrong area (one not prepared with thorium X) was excised.
FIG. 1
96
•
0-
 
•
 
:e
i J
F1
 
ct
 ¶.
 
I 
*
 
m
 
0 I 
I 
4.
 
\ '
.
I b 
.
-
 
_
t. 
;4
, 
1-
 
p.
 
STUDIES OF THORIUM X APPLIED TO HUMAN SKIN 97
Figures 2a, 2b and 2c show ho\v thorium X in all three vehicles penetrates
hair follicles cut either longitudinally or transversely. Fig. 2b not only demon-
strates alpha tracks within the follicle itself but also in the epidermis and follic-
ular wall.
Figures 3a, 3b and 3c are examples of the penetration of thorium X in alcohol,
ointment and lacquer into sweat ducts and sweat glands as deep as 1.5 mm.
below the epidermal surface.
COMMENTS
The results as tabulated in Table I are evidence that thorium X in alcohol,
ointment and lacquer vehicles penetrates the tissue and is localized in the epi-
dermis, hair follicles, sweat ducts and sweat glands. If tracks are found in deep
structures even once when thorium X is applied in a given vehicle it must be
assumed that the thorium X is capable of such penetration again, depending
upon anatomic and physiologic variables which may favor or interfere with
penetration.
The penetration found in skin to which thorium X in lacquer had been ap-
plied requires explanation. As stated, we had anticipated that the lacquer might
possibly act as a plaque, i.e. would not permit penetration of the thorium X into
the skin. However, even in our very first experiments a small number of tracks
was observed within the sections of tissue below the surface of the site to which
the thorium X in lacquer had beea applied. At the time of these earlier observa-
tions we noted that the thorium X. lacquer solution had separated into two
layers in the vial from which it was being dispensed. On investigation it was
learned that the thorium X preparations are made commercially by first dis-
solving the thorium X in small amounts of water, and then adding this water to
required quantities of alcohol, ointment or lacquer. The water solution of tho-
rium X was not soluble in the lacquer and it therefore settled to the bottom of
the dispensing vial. At the beginning of these studies, we had used the lacquer
just as it came; no attempt was made to stir or agitate the preparation. How-
ever, when the thorium X lacquer combination was thoroughly shaken, a fine
dispersion of water droplets could be seen through the mixture. This thoroughly
shaken mixture was used in later experiments. When applied to skin it produced
an increase in alpha tracks both on the surface and within the epidermis and its
structures. These observations could be interpreted as indicating that any
activity found within the epidermis, hair follicles, sweat ducts, and sweat glands
FIGURE 1. Sections of human skin biopsied after topical application of thorium X in
alcoholic solution, ointment base and lacquer vehicle. All sections were cut perpendicular
to the epidcrmal surface and show similar pcnctration of the epidermis by thorium X in
all three vehicles. Note that the alpha tracks are limited essentially to epidermal tissue.
Note: Histologic detail is lacking because the critical focus in this and all of the photo-
graphs which follow is on the tracks in the 25 micron emulsion beneath the level of the tissue
section.
a. Thorium X in alcohol: Biopsy one day after application. (Magnification 498X)
b. Thorium X in ointment: Biopsy two days after application. (Magnification SOOX)
c. Thorium X inmixed lacquer: Biopsy two days after applicatiou. (Magnification 645X)
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results from the penetration of the water containing the thorium X, which has
separated from the lacquer and settled to its under surface, and not from the
penetration of the lacquer vehicle itself. At the same time it is necessary to con-
sider the possibility of one or more of the constituents of the lacquer taking the
thorium X into solution and then penetrating the epidermis when applied to its
surface. While this is a possibility, it is not as likely as the first mechanism sug-
gested. These observations about the lacquer led us to consider the related
possibility that in the thorium X ointment also, the water solution of the thorium
X might separate from the ointment vehicle and collect on the bottom of the
container as small droplets. For this reason, we now routinely mix the thorium
X ointment thoroughly before applying it to the skin.
The apparently unequal dispersion of the water solution of thorium X through
the ointment and lacquer, together with certain problems of measurement,
have made it impossible to apply equivalent amounts of thorium X in the
different vehicles to an epidermal surface of given size. Therefore, we have
been unable to study the comparative quantitative penetration of the radioactive
material from each of the bases employed.
The first maj or question toward which these investigations were directed was:
"Does thorium X in an ointment base or lacquer vehicle applied to human skin
penetrate the epidermis, hair follicles, sweat ducts and sweat glands as it does in
alcoholic solution?" On the basis of our present findings, this question must be
answered as follows: Upon application to tbe human skin of thorium X in the
ointment or lacquer preparations now commercially available in the United
States, thorium X and its disintegration products are found in the epidermis,
hair follicles, sweat ducts and sweat glands. It cannot be said that the penetra-
tion from these vehicles occurs through the same mechanism as it does from the
alcoholic solution or that it takes place in the same degree. While the penetration
of the thorium X in alcoholic solution is in all likelihood due largely to the prop-
erties and effects of the carrier itself, this is probably less so with the ointment
and not at all with the lacquer.
The two most plausible explanations for the penetration of thorium X from
the lacquer have already been discussed; namely 1) penetration of the water
solution of the thorium X which separates from the lacquer (and perhaps some-
what from the ointment) and 2) the carrier effect of the sweat or other solvents
collecting under the vehicle containing the thorium X applied to the skin. Also
FIGURE 2. Illustration of concentration of alpha activity in hair follicles in sections of
human skin hiopsied after topical application of thorium X in alcohol, ointment and lac-
quer. These sections demonstrate alpha tracks in longitudinally and transversely cut hair
follicles and in the follicular walls.
a. Thorium X in alcohol: Biopsy two days after application. Follicle is cut 0.65 mm be-
low the epidermal surface. (Magnification 430X)
b. Thorium X in ointment: Biopsy two days after application. The lowest portion of the
follicle as shown is 0.4 mm below the epidermal surface. (Magnification 600Xl
c. Thorium X in mixed lacquer: Biopsy two days after application. This hair follicle
is sectioned 0.85mm below the epidermal surface. (Magnification 600X)
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to be considered, are the effects of the covering materials, the flexible collodion
and Plioflim, which are used to seal the areas of skin prepared with thorium X
containing vehicles. These covering materials together with the rubbing (even
though minimal) used to apply the ointment and lacquer might alter the surface
epithelium and enhance the penetrability of the carrier solvents.
The second question these studies were designed to answer was: "Is penetra-
tion of the thorium X into human skin necessary in order to produce a clinical
biologic effect as evidenced by visible erythema?" To date our observations do
not answer this question, but preliminary observations are consistent with the
speculation that there is a correlation between the penetration of thorium X and
its radioactive daughters and the resulting erythema.
In future studies of the erythema producing effects of alpha radiation we plan
to use alpha rays from sealed thorium X plaques and polonium plaques. In this
way the penetration of the radioactive substance itself into the skin will be
avoided and the erythema effect of purely external alpha radiation can be ob-
served.
SUMMARY
1. The autoradiographic demonstration of thorium X penetration and local-
ization in 63 specimens of human skin treated in vivo with thorium X in selected
vehicles is reported. This includes specimens prepared with thorium X in al-
coholic solution (28), in ointment base (24) and in lacquer vehicle (11).
2. In addition to confirming previously publisbed results based on 9 of these
specimens of tissue treated with thorium X in alcohol, the present findings with
the ointment and lacquer vehicles show that alpha tracks from the thorium X
and its disintegration products are found: 1) in the epidermis distributed through-
out the prickle and basal cell layers; 2) in the hair follicles and follicular walls;
and 3) to a lesser degree in the sweat ducts and sweat glands.
3. Possible mechanisms by which the thorium X atoms penetrate these vari-
ous structures are discussed.
4. Although no conclusions are drawn, the possible correlation between pene-
tration of thorium X and visible biologic effects as evidenced by erythema and
pigmentation is considered.
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FIGURE 3. Examples of the penetration of thorium X into sweat duets and sweat g!ands
in human skin biopsied after topical app!ieation of thorium X in various vehicles.
a. Thorium X in alcohol: Biopsy five days after application. The sweat g!and to the right
is 1.35mm below the epiderma! surface. (Magnification 498X)
h. Thorium X in ointment: Biopsy two days after app!ieation. Sweat duet lies 1.05 mm
below the epidermal surface. (Magnification SOOX)
e. Thorium X in mixed lacquer: Biopsy two days after application. Bottom of the sweat
duet shown is 1.2 mm below the epidermal surface. (Magnification 600X)
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DISCUSSION
DR. HARVEY BLANK, New York, N. Y.: All who have had experience with this
procedure must appreciate the enormous amount of careful work that has re-
sulted in these excellent preparations, almost entirely free of artifacts.
Dr. Witten has been very cautious in reporting his results but would he com-
ment on the possible distribution of other active medicaments if they were
applied in a similar lacquer vehicle?
What is the chemical state of thorium X, a salt, and if so, what type of salt?
DR. SAMUEL M. PECK, New York, N. Y.: I enjoyed this paper very much.
There was some biologic evidence for penetration before we had this beautiful
new technic. Many years ago I published my histologic examination of the
changes in the epidermis and cutis following thorium X. We used much higher
concentration and we noticed after application of thorium X that double con-
toured nuclei appeared in the fibroblasts. This to me meant penetration below
the epidermis or you would not get that effect. (Pigment (Melanin) Studies of
the Human Skin After Application of Thorium X. Arch. Dermat. Syph. 21:
916, June 1930.)
DR. VICToR H. WITTEN, New York, N. Y. (in closing): First, I want to thank
Dr. Blank and Dr. Peck for their discussion. I can assure you that Dr. Blank's
experience with autoradiography puts him in a position to know the problems
encountered and I am therefore grateful to him for his kind comments. As you
all know, Dr. Peck very early utilized thorium X for experimental studies when
he used it to produce pigmentation in human skin. His detailed findings are re-
ported in the Archives of Dermatology & Syphilology, 21: 916, 1930.
We do not think that the lacquer itself penetrates. With some of the stains
the lacquer appeared pink in the sections, but where this was noted, it was
limited to the surface of the epidermis only.
As to the form of the thorium X: it is procured as a chloride, adsorbed on cal-
cium chloride.
We hope to continue our work with the topical application of thorium X to
human skin and to observe further and correlate, if possible, 1) the grossly visible
biologic changes, 2) the penetration and localization of this radioactive material
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within the tissues and, 3) the histologic changes which result. The very nature of
the material makes such a study feasible. In contrast to the x-ray machine in
which the radiation reaching the tissue stops when the switch is turned to "Off",
the thorium X continues to give off its rays in situ. Therefore, in addition to
being able to observe the gross and microscopic changes, the radiation producing
these changes can, in a sense, be traced in the same tissue.
